When we embed the strong penguin operator Q6 in the quenched theory, it does not remain a singlet under right-handed chiral transformations. As a consequence, more low-energy constants associated with this operator appear than in the unquenched theory. We give analytic estimates of the leading constants. The results suggest that the effects of quenching on this operator are large.
The gluonic penguin operator
(α, β are color indices) is one of the strong penguin operators contributing to K → ππ decays, in particular to the quantity ε ′ /ε, which measures direct CP violation. In the real world, it is a singlet under SU(3) R . However, in quenched QCD the situation is more complicated [1] , and the operator can be written as
where q is summed over u, d, s, andq =ũ,d,s are the bosonic (ghost) quarks used to define the quenched theory [2] . We see that while Q QS 6 is a singlet under the quenched flavor group SU(3|3) R [3] , Q
QN S 6
is not. To leading order in chiral perturbation theory (ChPT), these operators maybe represented by [4, 1] 
with qΛq = sd, M the quark-mass matrix, and str is the supertrace.N represents the nonsinglet structure of Q
. The low-energy constants (LECs) α shows up for instance in
where β N S is a higher-order LEC associated with Q
. The appearance of α N S q is important because it influences the determination of α 
We may now estimate α N S q analytically in the following way [6] . First we fierz (6) (taking into account that the ghost fields commute), and then Wick contract to find
. It can be shown [6] that the unfactorized term (2nd line) is order p 2 in ChPT, and thus it does not contribute to α N S q . Using that
(note the minus sign: ghost quarks commute!), one obtains
We now consider the singlet operator Q QS 6 , which is interesting because it will yield a result for α (8, 1) q1 , which we may then compare to its unquenched value, as well as to our estimate of α
can be fierzed into
Since the quark and ghost-quark propagators are equal (by construction!), contributions in which q and q orq andq are contracted cancel. Thus, to order 1/N 2 c only the factorized contribution survives, and leads to the long-known result (with operator mixing taken into account to leading-log order)
where L 5 is one of the Gasser-Leutwyler O(p 4 ) LECs of the strong effective lagrangian [7] .
From these results, we draw the following two conclusions. First, α N S q is not small compared to
using that L 5 ∼ 10 −3 (in quenched [8, 9] and unquenched [7] QCD).
• α N S q can thus not be ignored in any quenched computation which involves Q
. In the unquenched case, it was found that the unfactorized contribution to α maybe large, and of the same sign as the factorized contribution [10] . Since the unfactorized contribution vanishes in the quenched case, • the quenched value of α (8,1) 1 maybe substantially smaller than the unquenched one.
We close with a few remarks. First, these estimates maybe extended to the partially quenched case, in which N sea quarks are added to the quenched theory, see Ref. [6] .
Second, to extract leading order LECs, one works in the chiral limit. While the quenched theory is probably singular in the chiral limit, we believe that this is not a problem for the calculation of α N S q and α (8, 1) q1 . Finally, we believe that it should be instructive to adapt analytic estimates of other hadronic quantities to the quenched and partially quenched cases. This will give quantitative information about the effects of quenching, which ChPT by itself cannot provide.
